H. 1/36 



WORLD R'TTELLECn 
fane 



PCT 

tktto n a TTON AL application publishec 




: (Sl> faternottotial Patent CUsafc»«*QA 6 : 
C10G 35/14 



A] 



WO 9 6043 S3 JUL 
W uuernanonai Mioucaaon v r^mmy lyToyu^ 



01) Iutcnu.lfcm*l Apo**** Namb«n PCT/US95/09335 
(22) International FlKngDat* 25 July 1995 054745) 



ffill DttLnttCcd State* AU, CA, JP. Bwopcwi patent (AT, BE. 
SE). 



(30) Priority Data: 
285,148 



3 Aupi*lW((HJ08.94) US 



pi) AppUou* MOBIL OIL O^TW (US/US); 3225 
Gdlow* Roa4, Faufw. VA 22/)37 (US), 

(72) Inventors: JOHNSON, David, Uc; 181 Concord Meeting 
Rc^ Glen Mill,, PA 1934M412 (US). SENIOR Rtoh** 
Charier. 7 PaptfmOl Road, Cheny HiU. NJ C$003 <US). 

(74) Afitnte KEEN, Mated*. D. et aU Mobil Oil Corporation. 
3225 Gallows Road, Fairfax, VA 22037 (US)* 



Published 



cu 

Before the expiration of the ftW hmi frr mcndwt the 
claim* Qftd xa be npublishtd \n the tverx of the receipt cf 
amendments. 



(54) TO* FCC CATALYST STRIPPER 
(57) Abstract 

A fluidteed catalytic cracking (PCO 
process and apparau* v$c$ a catalyst stripper 
wilh slant trays (140) or shed trays having 
"dawncomen* (145). Dovmcomers (145), 
vertical eatalyst/gas caaxactuig elements, 
provide a vertical, counlercunent region 
for catalyst/stripping vapor contact. Tte 
downcoraere Improve stripping effectiveness. 




ri_uiu rin-nHi^in-s 



FOK 7WE PURPOSES OF INFORMATION ONLY 

Codes used W identify States party to Ac PCT on the front pages of pamphlets publishing 'international 
applications under the PCT. 



AT At«ri« 

AVJ AuMraTu 

VB tactic* 

BE Belgium 

»R enx« 

BY Bebpn 

CA Cu«U 

Cf Court Afrfc* Republic 

CG Cogo 

Ct C6ta ffTVofcr 

CM Cuittooa 

CN Qfo 

CS CusbortnikU 

C? Cncd RcpuhUe 

DK Gamuvy 

DK Depmtdt 

ES Sf*Id 

OA Otboa 



[fi 

rr 





MR 


MwiwaU 




MW 


MM 


Cuba 


N£ 




Grace 


NL 




Haaftiy 


NO 


Ndmy 








i*Jy 


Ft 


reUn4 




IT 






RO 


RXMCMIlU 




RU 


Runim fc&fenilao 


Dctfkocniic Kopk'i Rcpvblk 


£D 


Sudta 


of Kmc! 


8E 


Swcda 


Republic of Kocca 


SI 


Sfewaia 




SK 


Slovikk 




5N 


Scacfil 




TP 


CUM 




TO 


Tajo 




TJ 






TT 


T>in ufwt uxl TaUsq 


Rflpattlic Q< Molrffctv. 


UA 






US 


Unliod Si*»« ef An*ra. 




liZ 






VN 


Via Htm 



j 



i t-i_uiu rit-uii-m<~=> 
WO 96/04353 



-1- 



PCT/US95/09335 



FCC CATALYST STRIPPER 

The field of the invention is fluidi2ed catalytic 
cracking (FCC) in general and catalyst stripping in 
particular. 

Catalytic cracking is the backbone of many refineries. 
It converts heavy feeds into lighter products by 
catalytically cracking large molecules into smaller 
molecules. Catalytic cracking operates at low pressures f 
without hydrogen addition, in contrast to hydrocracking , 
which operates at high hydrogen partial pressures. 
Catalytic cracking is inherently safe as it operates with 
very little oil actually in inventory during the cracking 
process. 

There are two main variants in catalytic cracking: 
moving bed and the far more popular and efficient fluid bed 
process. 

In fluidieed catalytic cracking .(TCC) , catalyst, 
having a particle size smaller than, and color resembling, 
table salt and pepper, circulates between a cracking 
reactor and a catalyst regenerator. In the reactor, 
hydrocarbon feed contacts hot, regenerated catalyst. The 
hot catalyst vapori2es and cracks the feed at 425^-600^, 
usually 460 f C-56Crc* The cracking reaction deposits 
carbonaceous hydrocarbons or coke on the catalyst, thereby 
deactivating it. The cracked products are separated from 
the coked catalyst. The coked catalyst is stripped of 
volatiles, usually with steam, in a catalyst stripper and 
the stripped catalyst is then regenerated. A catalyst 
regenerator burns coke from the catalyst with oxygen 
containing gas f usually air. Decoking restores catalyst 
activity and simultaneously heats the catalyst to, e.g., 
500'C-900«C, usually 600*C-750*C. This heated catalyst is 
recycled to the cracking reactor to crack more fresh feed. 
Flue gas formed by burning coke in the regenerator may be 
treated for removal of particulates and for conversion of 
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carbon monoxide, after which the flue gas is normally ^ 
discharged into the atmosphere « 

Catalytic cracking is endotherraic, it consumes heat. 
The heat for cracking is supplied at first fay the hot 
S regenerated catalyst from the regenerator* Ultimately, it 

is the feed which supplies the heat needed to crack the 
feed. Some of the feed deposits as coke an the catalyst , 
and the burning of this coke generates heat in the 
regenerator r recycled to the reactor in the form of hot 
10 catalyst. 

Catalytic cracking has undergone much development 
since the 40s- The trend of development of the FCC process 
has been to all riser cracking and zeolite catalysts. 

Riser cracking gives higher yields of valuable . 
15 products than dense bed cracking. Host FCC units now use 

all riser cracking, with hydrocarbon residence times in the 
riser of less than 10 seconds , and even less than 5 
seconds , 

Zeolite based catalysts of high activity and 
^..i, 20 selectivity are now used in most FCC units. These 

catalysts allowed refiners to increase throughput and 
conversion, as compared to operation with amorphous 
catalyst. The zeolite catalyst effectively debottlenecked 
the reactor section, especially when a riser reactor was 
25 used* 

Another development occurred which debottlenecked the 
FCC regenerator - CO combustion promoters. To regenerate ' 
FCC catalysts to low residual carbon levels refiners used 
to add limited amounts of air. Coke was burned to Co and 
30 CQ2, but air addition was limited to prevent afterburning 

and damaging temperature excursions in the regenerator; 
U.S. 4,072,600 and 4,093,535, taught adding *>t, Pd,.Ir, Rh, 
0s, Ru and Re in concentrations of 0.01 to 50 ppm f to allow 
CO combustion to occur within the dense bed of catalyst in 
35 the regenerator. CO emissions were eliminated, and 

regenerators were now limited more by air blower capacity 
than anything else. 
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To summarize, zeolite catalysts increased the capacity 
of the cracking reactor. CO combustion promoters increased 
the capacity of the regenerator to burn coke. FCC unite 
now had more capacity, which could be used to process worse 
5 feeds or achieve higher conversions. Constraints on the 

process f especially for units already in operation , could 
now shift to some other place in the unit, such as the wet 
gas compressor, main column, etc. 

one way refiners took advantage of their new reactor 

10 and regenerator capacity was to process feeds that were 

heavier, and had wore metals and sulfur. These heavier, 
dirtier feeds pushed the regenerator, and exacerbated 
existing problems in the regenerator - steam and 
temperature. These problems show up in the regenerator and 

15 are reviewed in more detail below. 

Steam deactivates FCC catalyst. Steam is not 
intentionally added to the regenerator, but is invariably 
present, usually as adsorbed or entrained steam from steam 
stripping of catalyst or as water of combustion formed in 

20 the regenerator. 

Poor stripping leads to a double dose of steam in the 
regenerator, first from the adsorbed or entrained steam and 
second from "fast coke" or hydrocarbons left on the 
catalyst due to poor catalyst stripping. These hydrogen- 

25 containing unst ripped hydrocarbons burn in the regenerator 

to form water and steam the catalyst, deactivating it. 

U.S. 4,336,160 to Dean et al, reduces catalyst 
steaming by staged regeneration. This requires major 
capital expenditures. 

30 steaming became even more of a problem as regenerators 

got hotter , as higher temperatures accelerate steam 
deactivation. 

Regenerators now operate hotter. Most FCC units are 
heat balanced, the endothennic heat of cracking is supplied 
35 by burning the coke deposited on the catalyst. Kith worse 

feeds, more coke deposits on the catalyst than is needed 
for the cracking reaction. The regenerator runs hotter, so 
the extra heat can be rejected as high temperature flue 
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gas* Regenerator temperature now limits many refiners in 
the amount of resid or high CCR feeds which can be 
tolerated by the unit. High temperatures are a problem for 
the metallurgy of many units , but more importantly, are a 
5 problem for the catalyst. In the regenerator, the burning 

of coke and unstripped hydrocarbons leads to higher surface 
temperatures on the catalyst than the measured dense bed or 
dilute phase temperature. This is discussed by Occelli et 
al in Dual-Function cracking catalyst Mixtures, Ch. 12, 

10 Fluid Catalytic Cracking, ACS symposium Series 375, 

American Chemical Society, Washington/ D.C, 1986, 

High temperatures make vanadium more mobile and 
promote formation of acidic species which attack zeolite 
structure, leading to loss of activity. Some efforts at 

15 controlling regenerator temperature will now be reviewed. 

Same regenerator temperature control- is possible by 
adjusting the C0/CO2 ratio in the regenerator. Burning 
coke partially to CO produces less heat than complete 
combustion to CQ2. However, in some cases, this control is 

20 insufficient, and also leads to increased CO emissions, 

which can be a problem unless a CO boiler is present. 

The prior art used dense or dilute phase regenerator 
heat removal zones or heat-exchangers remote from, and 
external to, the regenerator to cool hot regenerated 

25 catalyst for return to the regenerator- Such approaches 

help, but are expensive, and some units do not have space 
to add a catalyst cooler* 

Although these problems showed up in ttie regenerator, 
they were not a fault of poor regeneration r but rather an 

30 indication that a new pinch point had developed in the FCC 

process. 

The reactor and regenerator enjoyed dramatic increases 
in capacity due to changes in the catalyst. The old 
hardware could now do more, 
35 Thanks to 2eolite cracking catalyst, the reactor side 

cracked more efficiently- Some refiners even reduced 
reactor volume to have all riser cracking. Thanks to pt, 
the regenerator could now run hotter without fear of 
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afterbuming. Many existing regenerators were if anything 
oversized, and now became killing chambers for active 
zeolite catalyst* 

Improvements in stripping technology did not watch 
5 those occurring in the reactor and regenerator. Increased 

catalyst and oil traffic was easily and profitably handled 
by the reactor and the regenerator, but not by the 
stripper. Poor catalyst stripping was now the source of 
much of the problems experienced in the FCC regenerator. 
10 We wanted to avoid treating the symptom rather than 

the disease- Only as a last resort should refiners take 
excess heat from the regenerator with coolers, or go to 
multistage regeneration so that some catalyst regeneration 
occurs in a drier atmosphere, 
15 The key had to be in reducing waste. It was better to 

reduce the amount of unstripped hydrocarbons burned in the 
regenerator, rather than deal with unwanted heat release in 
the regenerator. There was a special need to: 

remove more hydrogen from spent catalyst to minimize 
20 hydrothermal degradation in the regenerator; 

remove more sulfur-containing compounds from spent 
catalyst before regeneration to minimize SOx in flue gas? 
and reduce to some extent the regenerator temperature. 

Although much work has been done on stripping designs, 
25 reliability has been considered more important than 

efficiency. Most strippers contain relatively large, 
slanted plates to aid stripping. Thus in many FCC 
strippers chevron plates, shed trays or inclined trays at 
30-60 degree angles are used to improve 
30 catalyst/stripping steam contact. Steep angles and large 

openings are needed both because FCC catalyst has poor 
horizontal flow characteristics and because large pieces of 
concrete and/or dome coke can and do fall into the 
stripper, 

35 Refiners fear horizontal surfaces , such as those used 

in a bubble cap tray. Flat surfaces develop stagnant 
regions where catalyst can "set up" like concrete. Under 
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f lat surfaces bubbles of hot cracked vapors can undergo 
thermal reactions. 

Refiners use steep angles in their strippers* 
Catalyst flows smoothly through the stripper , but gas 
5 contacting is often poor, in a typical design, an annular 

stripper disposed a riser reactor , the goal is to have 
upf lowing gas contact downf lowing catalyst 
circumferentially distributed around a central riser 
reactor. 

10 Many current stripping designs are so poor that an 

increase in stripping steam may not improve stripping, in 
some units, added stripping steam causes dilute phase 
transport of spent catalyst into the regenerator* 
Stripping may still be improved if there is better settling 

15 or deaeration of spent catalyst just above the* stripper. 

Refiners with overloaded FCC catalyst strippers thus 
have a serious problem. None of the possible solutions are 
attractive* 

The obvious solution , putting in a much larger 
20 stripper to deal with the anticipated catalyst flux, can 

not be done at a reasonable cost. The stripper is closely 
integrated with the rest of the FCC, usually as part of the 
reactor vessel, and modifications are expensive. The 
reactor vessel is or becomes a bit out of round, and 
25 enlarging the stripper, so that it merges with a larger ID 

portion of the reactor vessel requires extensive fit-up 
work. 

It is also possible to increase the catalyst capacity 
of existing slanted plate strippers by making each tray 

30 shorter* This could be visualized as converting a disc and 

doughnut stripper to one with alternating layers of speed 
bumps on inner and outer surfaces of the stripper apnulus. 
This provides more area for catalyst flow, but promotes 
bypassing (steam up and catalyst down) through the 

35 stripper. An additional problem is that it is expensive to 

shorten the trays, they need to either be replaced 
completely (introducing fit-up problems) or modified 
extensively in place. These modifications involve cutting 
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back the trays f adding new steam distribution holes to 
replace the ones cut out, and welding a new tray lip on. 

A way has now been found to get better stripping of 
coked FCC catalyst by modifying the current stripper design 
to retain much or all of the existing tray area* 

Basically the modification is addition of relatively 
large "downcomers* 1 to the conventional stripper trays. The 
downcomers look similar to those used in vapor/liquid 
fractionators but do not perform the Same function* Thus 
to an extent r the term "downcomer* 1 is actually a misnomer. 
In fractionators downcomers move liquid from an upper tray 
to a lower tray, and the bottom of the downcomer is sealed 
so that no vapor may pass up through the tray. 

We use downcomers to provide an efficient region for 
countercurrent catalyst and vapor flow. We use downcomers 
to conduct efficient stripping, rather than -merely move 
fluid from an upper elevation to a lower one, trhe only 
thing our downcomers and fractionator downcomers have in 
common is that our downcomer helps preserve the static head 
of pressure which exists under the tray. Despite the 
different function of our stripper "downcomers* 4 , the term 
will be readily understood by those skilled in the cracking 
arts, and provides one useful way to describe our 
improvement. 

In one apparatus embodiment, the present invention 
provides an apparatus for the f luidized catalytic cracking 
of a hydrocarbon feed comprising a reactor having an inlet 
in a base portion for a hydrocarbon feed and for 
regenerated catalyst withdrawn from a regenerator vessel 
and an outlet for cracked vapor products and spent 
catalyst; a reactor vessel receiving and separating said 
cracked vapor products and spent catalyst discharged from 
said reactor, and having an outlet for vapor and an outlet 
in a lower portion for spent catalyst? a catalyst stripper 
in a stripping vessel comprising a plurality of trays which 
are slanted or in the shape of an inverted H v« at a 
plurality of elevations for horizontal and vertical 
transfer of catalyst as it passes down through said 
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stripper, each tray having an upstream portion receiving N 
spent catalyst from a superior tray or from said spent ' 
catalyst outlet of said reactor vessel , a downstream 
portion discharging spent catalyst from a tray edge or lip 
. 5 across and down to an inferior tray, and an upper and a 

lower surface? at least one inlet in a lower portion of 
said stripping vessel for stripping vapor; at least one 
outlet in a lower portion of said stripping vessel for 
discharge of stripped catalyst; at least one outlet in an 

10 upper portion of said stripping vessel for discharge of 

stripper vapors; and vertical conduits in at least some 
trays comprising a combined spent catalyst inlet and vapor 
outlet passing through said tray which is fluidly connected 
with said upper surface of said tray, a combined spent 

IS catalyst outlet and vapor inlet beneath at least a portion 

of said lower surface of said tray and above said tray lip 
or edge, and a generally vertical conduit having an upper 
portion terminating in said combined inlet and outlet and a 
lower portion terminating in said combined outlet and ' 

20 inlet; a stripped catalyst transfer means having an inlet 

connected to said stripped catalyst outlet and an outlet 
connected to said regenerator vessel; and said catalyst 
regenerator vessel having an inlet for spent catalyst 
connected to said stripped catalyst transfer means, a 

25 regeneration gas inlet, an outlet for regenerated catalyst 

connected to said reactor , and at least one flue gas 
outlet. ^ 

Jn another embodiment, the invention provides an FCC 
process using the above apparatus. 

30 FIG* l (Prior Art) shows a simplified schematic view 

of an FCC unit with a conventional stripper. 

Figure 2 (invention) shows a side view of an FCC 
stripper with downcomer slant trays ♦ 

Figure 3 (Invention) shows details of a single 

3 5 downcomer - 

Figure 4 (Invention) shows details of laboratory test 
setup of a stripper with downcomers. 
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Figure 5 (Invention) shows details of cross section of 
the Fig- 4 stripper, with an elevation view of a downcoraer. 

Figure 6 is a graph of comparison tests of a 
conventional stripper and a stripper with "downcoraers" 
(invention) „ 

Figure 1, a simplified schematic view of an FCC unit 
of the prior art, will be discussed first , followed by a 
review of preferred types of commercially available packing 
material, and an FCC stripper of the invention « 

The prior art FCC (Figure 1) is similar to the Kellogg 
Ultra orthoflow converter Model F shown as Fig* 17 of Fluid 
Catalytic cracking Report, in the January 8, 1990 edition 
of oil & Gas Journal* 

A heavy feed such as a gas oil, vacuum gas oil is 
added to riser reactor 6 via feed injection nozzles 2. The 
cracking reaction is completed in the riser -reactor, which 
takes a 90" turn at the top of the reactor at elbow lo. 
Spent catalyst and cracked products discharged from the 
riser reactor pass through riser cyclones 12 which 
efficiently separate most of the spent catalyst from 
cracked product. Cracked product is discharged into 
disengager 14 , and eventually is removed via upper cyclones 
16 and conduit 18 to the fractionator. 

Spent catalyst is discharged down from a dipleg of 
riser cyclones 12 into catalyst stripper 8, where one, or 
preferably 2 or more, stages of steam stripping occur, with 
stripping steam admitted via lines 19 and 21. The stripped 
hydrocarbons , and stripping steam, pass into disengager 14 
and are removed with cracked products after passage through 
upper cyclones 16, 

Stripped catalyst is discharged down via spent 
catalyst standpipe 26 into catalyst regenerator 24, The 
flow of catalyst is controlled with spent catalyst plug 
valve 36. 

This stripper design is one of the most efficient in 
modern FCC units, due in large part to its generous size. 
Most FCC's have strippers disposed as annular beds a riser 
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reactor, and do not provide as much cross sectional area 
for catalyst flow as the design shown in Fig. 1. 

Catalyst is regenerated in regenerator 24 by contact 
with air, added via air lines and an air grid distributor 
5 not shown. A catalyst cooler 2B is provided so heat way 

be removed from the regenerator, if desired. Regenerated 
catalyst is withdrawn from the regenerator via regenerated 
catalyst plug valve assembly 30 and discharged via lateral 
32 into the base of the riser reactor 6 to contact and 

10 crack fresh feed injected via injectors 2, as previously 

discussed. Flue gas, and some entrained catalyst, are 
discharged into a dilute phase region in the upper portion 
of regenerator 24. Entrained catalyst is separated from 
flue gas in multiple stages of cyclones 4, and flue gas , 

15 4 discharged via outlets 8 into plenum 20 for discharge to 
the flare via line 22. 

Thus Figure 1 defines the environment in which our 
process operates - conventional FCC processing. More 
details on Fee stripping, and the "downcomer" or vertical 1 
^fe1#^«i!!f^ 20 catalyst/gas contacting means of the invention, are 

provided in conjunction with a review of Figs. 2 - 5, 
followed by a presentation of comparison tests in a 
laboratory stripper (Fig* 6) and a discussion of an actual 
commercial test of our invention - 

25 Figure 2 (Invention) shows details of a side view of 

an FCC riser reactor 106 passing through an annular 
stripper 108 with downcoraer slant trays* There are ^ 
multiple layers of inner slant trays 140 and outer slant 
trays 142. The inner trays 140 are affixed to the riser 

30 reactor while the outer slant trays 142 are affixed to the 

walls of stripping vessel 108. Steam or other stripping 
medium is admitted via distribution means 119 , typically a 
ring in the base of the stripper. 

Figure 3 (Invention) shows details of a single 

35 downcomer device. Slant tray 140 contains downcomer 145, a 

length of pipe cut horizontal at the base ISO but at a 
shallower angle at the top portion 160 so that lip 165 is 
provided. Lower edge 170 of slant tray 140 is shown 
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terminating at an elevation somewhat: below the base 150 of 
downcomer 145- This allows the downcomer to tap into the 
babble of higher pressure gas which exists under slant tray 
140 , providing some static head to promote gas flow up 
through the downcomer. Lip 165 way help divert downf lowing 
spent catalyst into downcomer 145, or at least prevent 
premature discharge of stripping vapor through the space 
occupied by lip 165. 

Figure 4 (Invention) shows details of laboratory test 
setup of a stripper with downcomers. Stripper 408 was 
designed for continuous operation . 

Catalyst enters the top of stripper 408 and passed 
over a series of alternating right baffles 442 and left 
baffles 44£u Stripping gas, admitted via gas distribution 
means 419* passes counter-current against downf lowing 
catalyst- Vapor is removed from an upper portion of 
stripper 408, while stripped catalyst is removed via outlet 
405. Catalyst is recirculated by means not shown. 

All baffles are roughly symmetrical. A typical left 
baffle 440 contains downcom er 44S, a section of a cylinder 
cut horizontally at the base 450 and on an angle at the 
upper portion thereof so that it extends up through tray 
440 to provide a lip 46$ ■ Thus the upper portion of the 
downcomer is flush with tray 440 where the downcomer passes 
through the highest portion of tray 440 and rises, 
relatively to the tray surface, to a high point where the 
downcomer passes through the lowest portion of tray 440. 

Figure 5 (Invention) shows details of cross section of 
the Fig, 4 stripper, taken along lines 5-5. This 
elevation view of downcomer 442 shows the circular outline 
of downcomer 445, 

Figure 6 is a graph of comparison tests of a 
conventional stripper (no downcoitiers) and a stripper with 
downcomers ( invention) . 

Now that the invention has been reviewed in connection 
with the embodiments shown in the figures, a more detailed 
discussion of the different parts of the process and 
apparatus of the present invention follows. Many elements 
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of the present invention can be conventional, such as the ^ 
cracking catalyst, so only a limited discussion of such 
elements is necessary* 

Any conventional FCC feed can be used* The feeds may 
• 5 range from the typical, such as petroleum distillates or 

residual stocks, either virgin or partially refined, to the 
atypical, such as coal oils and shale oils. The feed may 
contain recycled hydrocarbons, such as light and heavy 
cycle oils which have already been subjected to cracking. 
10 Preferred feeds are gas oils, vacuum gas oils, atmospheric 

res ids, and vacuum res ids. 

Any commercially available FCC catalyst may be used. 
The catalyst can be 100% amorphous, but preferably 
includes some zeolite in a porous refractory matrix such as 
15 silica-alumina, clay, or the like* The zeolite' is usually 

5-40 wt.4 of the catalyst, with the rest being matrix. 
y Conventional zeolites include X and Y zeolites, with ultra 

stable, or relatively high silica Y zeolites being 
preferred. Dealumini2ed Y (DEAL Y) and ultrahydrophobic Y 
20 (uhp Y) 2eolites may be used- The zeolites may be 

stabilized with Rare Earths, e.g., 0*1 to 10 wt * RE. 

The catalyst inventory may contain one or more 
additives, either present as separate additive particles or 
mixed in with eaibh particle of the cracking catalyst. 
25 Additives can be added to enhance octane (shape selective 

zeolites, i.e., those having a Constraint Index of 1-12, 
and typified by ZStt-5, and other materials having a similar ^ 
crystal structure), adsorb SOx (alumina), remove Ni and V 
(Mg and Ca oxides), CO combustion promoters, such as those 
30 disclosed in U.S. 4,072,600 and U.S. 4,235,754 may be used. 

Very good results are obtained with as little as CM to io 
wt, ppm platinum present on the catalyst in the unit. 

The FCC catalyst composition, per se , forms no part of 
the present invention. 
35 Conventional FCC reactor conditions may be used. The 

reactor may be either a riser cracking unit or dense bed 
unit or both. Riser cracking is highly preferred. Typical 
riser cracking reaction conditions include catalyst/oil 
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! ratios of 0.5;1 to 15:1 and preferably 3;l to 8:1, and a 

' catalyst contact time of 0*5-50 seconds, and preferably l- 

20 seconds, and riser top temperatures of 482 to 649 'C (900 
to 1200T), preferably 510 to 565'C (950 to 1050'F)* 
S The FCC reactor conditions, per se f are conventional 

and form no part of the present invention. 

The catalyst stripper will generally be an existing 
one, with many or all of the existing slant trays or slant 
plates modified by incorporation of downcomers or other 
10 equivalent vertical gas/solids contacting means* 

i stripping may be in multiple stages or a single stage. 
Stripping steam may be added at multiple levels in the 
stripper or only near the base. 

The dimensions of the stripper can be set using 
15 conventional criteria. In most units an existing" stripper 

will be modified by adding downcomers as shown in the 
Figures, 

We can operate with downcomers which add from 1 to 40% 
open area (based on horizontal cross sectional area of the 
I 20 stripper at the inlet to the downcomer) * We prefer to 

operate with downcomers having an internal open area equal 
to 2 to 30* r and most preferably from 5 to 20* of the cross 
sectional area of the stripper * In many commercial FCC 
catalyst strippers, adding downcomers or vertical 

25 transport/contact means with a cross sectional area equal 

t o 10 % of the stripper horizontal cross sectional are a 
will give excellent results . 

These areas can also be expressed as % of slant tray 
area, if desired, with appropriate recalculation, A slant 

30 tray will have a much larger surface area than the 

horizontal cross sectional area of the stripper covered by 
the tray. 

The downcomers should generally be staggered, to 
minimize bypassing . A downcomer outlet should not 
35 discharge directly into a downcomer inlet, Downcomers 

should be vertical, though they generally will have a 
slanting inlet section conforming to the surface of the 
slant tray to which the downcomer is attached. 
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The location of the downcomer in each slant tray is N 
preferably such that it roughly splits the area on each \ 
side of the downcomer tray. For an annular stripper, the 
downcomers preferably are uniformly radially distributed. 
The surface area of each tray should also be split into two 
portions , an inner surface and an outer surface, with the 
d ividing line being a circle drawn through the center of 
each downcomer . 

The top of each downcoiaer should conform generally to 
the slant of the slant tray to which it is attached. We 
prefer to have a slight lip or extension at the top of the 
downcomer, on the downstream or lowermost portion of the 
downcomer spent catalyst inlet ♦ If the slant trays were at 
4S degree s from the vertical, then the top of the pipe used 
to form the downcomer might be cut to form an 'angle of SO - 
55 degrees from the vertical so that the -lowermost portion 
of the top of the downcomer extended somewhat above the 
slant tray* The uppermost portion of the top of the 
downcomer could be installed flush to the slant tray, while 
the lowermost portion is extended f e.g., 0.6 cm to 2.5 cm 
(1/4" to 1") or more. 

This lip on the downstream side of the spent catalyst 
inlet is intended to make some use of the dynamic head of 
catalyst flowing down the slant tray, diverting catalyst 
down into the downcomer* 

This use of a lip on the catalyst inlet to increase 
catalyst dynamic head gives the downcomer a ^ 
disproportionate share of the catalyst flowing down. We 
prefer to couple this increased dynamic head with an 
offsetting vapor flow, generated by static head beneath the 
slant tray, as discussed below. The downcomer base or 
catalyst outlet is preferably horizontal and preferably 
extends down no further than the lowermost edge of the 
slant tray to which it is attached. Some slant trays have 
a lip, which acts as an extension of the tray. Preferably 
the downcomer catalyst outlet is so situated that it taps a 
reservoir of higher pressure stripping vapor which exists 
under each slant tray. To do this the base of the 
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downcomer should terminate within the region of higher 
pressure under .the slant tray, the "bubble" which forms in 
the region bounded by an inner or outer wall of the 
stripper and the slant tray. This is a region of somewhat 
5 higher pressure formed by natural hydrodynamic forces as 

spent catalyst flows down the stripper and stripping gas 
flows up« If the base of the downcomer is situated in this 
region of localised high pressure, there is some pressure 
head available to act as a driving force promoting gas flow 

10 up through the downcomer. We believe that recessing the 

bottom of the downcomer outlet roughly 1.2 to 12.5 cm (1/2 
to 5") , and preferably 2,5 to 10 cm (1 to 4 M ) , above th e 
lowermost edge' or bottom lip of the slant tray, provides 
the ideal amount of static head to make the downcomer an 

15 active contacting zone . 

Although we prefer to use vertical , cylindrical pipes 
for our downcomers, this is not essential* Other shapes 
may be used as well, though not necessarily with equivalent 
results. The horizontal cross section of the downcomer may 
^^s^^^^Hliif3^3^11iJ%^satll6 20 b * * rectangle, triangular, oval, etc. 

We prefer to use fairly large downcomers . This gives 
a robust design, which is not likely to plug, and reduces 
field fabrication costs because it reduces the number of 
downcomers that must be added to the slant trays, pipe as 

25 small as 2« in diameter could be used, but we are concerned 

on plugging, Thfe downcomer diameter should not exceed 90 % 
of the horizontal footprint of the slant tray . In most 
commercial installations use of 10 to 30 cm_ (4 H to 12") 
diameter pipe will give good results, with is to 25 cm (6<« 

30 to io«) pipe preferred. Many refiners will be afraid to 

put so many, and so large, holes/downcomers in their slant 
tray strippers. 

Conventional stripping conditions may be used. The 
process of the invention permits refiners to operate with 

35 leas stripping steam than before . It is believed that the 

optimum use of the invention will be more catalyst traf fic, 
rather than merely reducing steam rates. 
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At low catalyst flow rates our design Is not 
significantly better than the old design, The significance 
of our design is that much better stripper performance is 
^ghieyed. at high catalyst throughputs* 
s Typical FCC strippers operate with the catalyst at 

roughly the riser outlet temperature - usually 482 to 599 *c 
(900 to 11Q0*F), typically 510 to 565'C (950 to 1Q50*F) . 
catalyst may be stripped with 0,5 to 10 weights of steam 
per looo weights of catalyst preferably 1 to 5 weights of 

10 steam per 1000 weights of catalyst* 

The FCC unit may use any type of regenerator, ranging 
from single dense bed regenerators to fast fluid bed 
designs, some means to regenerate catalyst is essential, 
but the configuration of the regenerator is not critical. 

15 The temperatures , pressures 4 oxygen flow rates, etc., 

are within the broad ranges of those heretofore found 
suitable for Fee regenerators , especially those operating 
with complete combustion of CO to co 3 within the 
regeneration zone. Suitable and preferred operating 

20 conditions are: 
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Temp rature, t 
■c 

catalyst Residence 
Time, Seconds 

Pressure f atmospheres 

C02/CO 



Broad 



1X00-1700 

593-927 

60-3600 



1-10 

l - infinite 



Preferred 



1150-1400 
621-760 
120-600 



2-5 
2 -infinite 
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30 
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catalyst coolers may be used, if desired. Such 
devices are useful when processing heavy feeds, but many 
units operate without them. In general, there will be less 
need for catalyst coolers when practicing our invention, 
because more efficient stripping of catalyst reduces the 
amount of fuel (unstripped hydrocarbons) that must be 
burned in the regenerator. Better stripping' also reduces 
the steam partial pressure in the regenerator (by removing 
more of the hydrogen rich ( «fast coke" on spent catalyst in 
the stripper) so the catalyst can tolerate somewhat hotter 
regenerator temperatures. 

Several sets of experiments were run, starting with a 
c old flow test involving He tracer and ending with a 
commercial test in an operating refinery . 

The test apparatus used was basically that shown in 
Figs. 4 and 5 (Invention) and the same equipment operating 
with conventional slant trays (no downcomers) - The unit 
had a cross section measuring 2^8 x 5^3 cm ( 11" X 21*) , and 
was approximately 12,2 m (40 feet) tall. Catalyst 
circulation was controlled by a single slide valve below 
the stripper which emptied catalyst into a riser. This 
recirculated the aatalyst to three stages of cyclones with 
diplegs discharging to the top of the stripper. Catalyst 
^circulation rates as high as 2-5 tons per minute, tpm, were 
used in testing the various configurations. Helium was 
used as a tracer to check the stripper performance, with He 
injected at t he top of the stripper in the primary cyclone 
diplegs. The concentration of He was monitored at the base 
of the unit to determine stripper effectiveness . 
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Tests were run at conditions used to simulate solids- 
gas flow in conventional Pec strippers- For safety and 
convenience, air was used as the "stripping gas", at a 
superficial vapor velocity of p.43 m/sc (1.4 feet/second). 
The tests were run at near ambient temperatures , rather 
than high temperatures customarily used in commercial FCC 
units, hence the name "cold flow". 

Various catalyst flux rates were tested / ranging from 
13.6 to 54,2 (10 to 40 pounds of catalyst per square foot ) peA^ 
o,f cross sectiona l area in the stripper . In terms of FCC 
conditions, this simulated where many FCC units operate 
commercially, i.e., moderately high stripping steam rates 
and mass flux ranging from low to fairly high. 
Effectiveness is the percentage of He tracer injected into 
the stripper which was stripped out , 100 % means that all 
He was stripped out, while 97 % means there was 3 % 
unstripped helium, etc. This is an excellent laborator y 
method, but does not correspond to, e.g., 97 % removal of 
strippabl e hydrocarbons from spent catalyst. 

Results of the cold flow tests are graphically 
presented in Figure 6. The results show that at low 
catalyst mass flux rates there is little difference between 
the conventional stripper design and the stripper of the 
invention with downcomers. Both designs work well. There 
was no penalty due to piercing the slant trays with large 
diameter downcomers. 

At high catalyst flow rates, which corresponds to ^ 
where most refiners run all the time, or would like to have 
the option to run, our design is far superior to the 
30 conventional stripper. There is some loss of efficiency 

using our design at higher flow rates, as might be 
expected, but there is no significant loss of stripping 
effectiveness as occurs with a conventional stripper 
design. The conventional stripper has a marked decrease in 
3 5 effectiveness at high catalyst flux. 

The stripper in a commercial FCC was modified by 
incorporating downcomers into the stripper trays. The 
stripper was an annular stripper, modified to include 
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downcomers, and is similar to the annular stripper shown in 
Fig. 2. • , : 

The stripper internal radiu s was 2,13 m (?'). The ^ _^ 
riser tray radius was 1.75 m (5*75') ■ The radius of a . 
circle encompassing the centers of the inner tray f 

/downcomers was 1,5 m (4.92*) . Conventional steam vent and 
weep holes were present before and after addition of 
downcomers. The riser reactor radius was 1.17 m (3.84'). 
The inner tray downcomers vere 18 lengths of 25 cm (10 w ) 
10 ^ pipe with a 27*31 cm OD and 25.45 cm. These were evenly 
spaced around a 1.42 m (4.67') radius circle. The outer 
tray downcomers were 18 lengths of 25 cm pipe evenly spaced , • 
around a circle with a 1,94 <fa (6,38') radius. The outer 
trays had an op of 2 .13 m (7.0') and an I0_of i.7i m 
15 (5,625'). 

Downcomers were offset at every tray, inner and outer, 
so that the centerlines of the downcomers on the tray below 
lay mid-way, on an arc between the centerlines of two 
adjacent downcomers on a tray above. The actual offset 
20 distance therefore depends on the circle radius around 

which the downcomers are evenly spaced. This promotes some 
mixing of catalyst as it flows through the downcomers. 

Results of pre- and post-modification operation are 
reported in the following table. Two types of stripping 
25 operation were considered, normal and high severity. High 

severity means we added more stripping steam. 
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Thesa data are from a commercial unit/ so some changes 
may be due to normal changes in the plant operation. Even 
with this caution, the data are significant in shoving 
drastic reductions in stripping steam sent to the 
s regenerator and in unstripped hydrocarbon (USHC) . 

In the normal severity case the old design consigned 
j 1,198 g/s (9/500 #/hr) of valuable products to be burned in 
' )000 = ^coo. regenerator* In our modified Resign ve were able to 

n . reduce this waste toiS42ig/s (j^£oV#/hr), for a product 
10 savings of 656 g/s (5,200 #/hr) . 

In the high severity case the old design burned _loOO 
g/s (8,000 #/hr) of potentially recoverable hydrocarbon, 
n t Our modified stripper design burned only <4oh g/s (3,200 
/ #/hr) at similar conditions, for a saving of 60S g/s (4,800 

15 #/hr.) 

The old stripper sent only 20 % of the .stripping steam 
up the stripper, with the rest going into the regenerator. 
After the stripper was modified with downcomers, roughly 
60-70 * of the stripping steam passed up through the 

20 ( stri PP er « 

The refiner increased severity of the unit to take 

advantage of the improved coke selectivity, achieving a 
significant increase in conversion and also ran a heavier 
feed. 

25 In addition, the catalyst regenerator now runs drier, 

due to less steam addition from the stripper and less water 
of combustion formed in the regenerator. The benefits from 
this are reduced catalyst makeup rates and/or increased 
activity, 

30 our process improves Fee catalyst stripping in several 

ways. The improvements are primarily in the area of more 
active stripper volume, better mixing, and increased 
capacity* Refiners can take advantage of the improvement 
in a number of ways, including higher oil feed rate to the 
FCC unit, running heavier and cheaper oil feeds, or 
operating the unit at higher severity. Higher severity 
operation increases yields of premium products such as 
gasoline. Each area of improvement will be briefly 
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reviewed, ending with a discussion of a new type of 
countercurrent contacting which we believe is occurring in 
our strippers. 

There is an immediate, hut modest, improvement in 
stripping from making more of the volume of the stripper 
active* The conventional approach to stripping created 
relatively dead regions - primarily under the plates used 
to distribute and redistribute catalyst. 

Our approach to stripping replaces part of the dead 
region under the tray with more active contacting within 
the down comers. This leads to a modest improvement in 
stripping efficiency. 

Current stripper designs presume that there are no 
minor or major flow disruptions in the stripper. This is 
rarely the case in commercial units, and the extra stages 
of mixing, and increased open area, provided by our 
downcomers may reduce bypassing caused by a slight out of 
round stripper, or trays that are not perfectly level. 
Some maldistribution may still occur, but there are more 
mixing stages or points as the catalyst passes through the 
stripper, ameliorating such flow maldistributions* 

Catalyst strippers in most commercial units are 
severely overloaded. Our design greatly increases the 
capacity of the catalyst stripper. Thus we can have 
.extremely high catalyst flow rates through the stripper, 
while continuing to send most of the stripping steam up 
through the stripper rather than through the regenerator. 

The increased capacity is due to the increased open 
area of the trays. We get a large improvement in 
throughput without significant loss in efficiency because 
of good contacting in the downcomers. 

We do not wish to be bound by the following discussion 
of the mechanisms involved in our new stripping design, but 
believe it instructive to discuss why we think our* new 
design works so well. 

The interplay between gas and catalyst could be 
summarized as follows. In its simplest embodiment we 
believe we significantly improve stripping by permitting 
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significant catalyst traffic in downcomers which are 
efficient contactors. We believe this will occur even with 
no lip at the top of the downcomer, and with bottom of the 
downcomer roughly flush with the bottom of the slant tray* 
At this level our invention provides additional area for 
catalyst traffic , in a region of efficient solids/vapor 
contact* 

In its preferred embodiment (lip diverting catalyst 
into the downcomer at the top, and downcomer outlet 
recessed so that it taps into the bubble of relatively 
higher pressure gas under the slant tray) f we load up the 
downcomer with spent catalyst and force larger amounts of 
stripping vapor through in counter-current flow- The lip 
on the spent catalyst inlet diverts extra catalyst into our 
downcomer and helps ensure that every bit of dynamic head 
is used to get catalyst into the downcomer- . We elevate the 
spent catalyst outlet at the base of the downcoiner to force 
wore gas to flow up through the downcomer. 

This is an unusual approach to stripping r using static 
head (stripping vapor in the bubble) to counteract dynamic 
head (the stream of spent catalyst diverted into the 
downcomer) * 

Based on visual observations in our plexiglass mode l 
there is a significant amount of pulsing or oscillation of 
gas and catalyst flow . Visually the lip does not come into 
play very much, but its presence is still believed useful, 
both for at least sporadically diverting flowing catalyst 
into the "downcomer" and preventing its premature discharge 
when a pulse of gas and catalyst "spouts" up the vertical 
conduit. 

Our process and apparatus can be used in any type of 
FCC stripper using slant or shed trays, those wherein , 
catalyst flows down from a dispensing tray (a slant surface 
tray or shed tray) and is directed onto the upper portion 
of a receiving tray (another slant tray or shed tray(s)) 
beneath but laterally displaced from the dispensing tray- 
The dispensing trays can be simple slant trays, or trays in 
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the form of ah inverted M V*« which dispenses to two 
receiving trays. 

The trays may be supported by being affixed along the 
length thereof to the walls of the stripper vessel (as in 
jjf.- 5 the case of annular strippers) or the ends of the trays nay 

be welded or affixed to the walls "of the vessel (shed tray 
designs) - Lower trays way also support upper trays, or any 
combination of the above. 

The process and apparatus of the present invention 

10 allow refiners to improve one of the last great regions of 

inefficiency in FCC processing, the FCC stripper. Refiners 
have been plagued with strippers which left large amounts 
of potentially recoverable product on the spent catalyst, 
or which sent more stripping steam into the regenerator 

15 than up the stripper. We Know from our commercial and 

laboratory tests that we solved the problem, and 
significantly increased the capacity of slant tray and shed 
tray FCC catalyst strippers. 
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claims : 



claim 1. An apparatus for the fluidized catalytic 
cracking of a hydrocarbon feed comprising: 

a reactor having an inlet in a base portion for a 
5 hydrocarbon feed and for regenerated catalyst withdrawn 

from a regenerator vessel and an outlet for cracked vapor 
products and spent catalyst; 

a reactor vessel receiving and separating eaid cracked 
vapor products and spent catalyst discharged from said 
10 reactor, and having an outlet for vapor and an outlet in a 

lower portion for spent catalyst; 

a catalyst stripper in a stripping vessel comprising: 
a plurality of trays which are slanted or in the shape 
of an inverted (^V«) at a plurality of elevations for — 
15 horizontal and vertical transfer of catalyst as it passes * t j 

down through said stripper, each tray having; 

an upstream portion receiving spent catalyst from 
a superior tray or from said spent catalyst, 
outlet of said reactor vessel, 
20 a downstream portion discharging spent catalyst 

from a tray edge or lip across and down to an 
inferior tray, and 
V an upper and a lower surface; 

at least one inlet in a lower portion of said 
25 stripping vessel for stripping vapor; 

at least one outlet in a lower portion of said 
stripping vessel for discharge of stripped catalyst; 

at least one outlet in an upper portion of said 
stripping vessel for discharge of stripper vapors; and 

vertical conduits in at least some trays comprising: 
a combined spent catalyst inlet and vapor outlet 
passing through said tray which is fluidly 
connected with said upper surface of said tray, 
a combined spent catalyst outlet and vapor inlet 
beneath at least a portion of said lower surface 
of said tray and above said tray lip or edge, and 
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a generally vertical conduit having an upper 
portion terminating in said combined inlet and 
outlet and a lower portion terminating in said 
combined outlet and inlet; 
a stripped catalyst transfer means having an inlet 
connected to said stripped catalyst outlet and an outlet 
connected to said regenerator vessel; and 

said catalyst regenerator vessel having an inlet for 
spent catalyst connected to said stripped catalyst transfer 
means, a regeneration gas inlet, an outlet for regenerated 
catalyst connected to said reactor, and at least one flue 
gas outlet* 



Claim 2- claim 1 wherein said downcomer .catalyst 
outlet extends down to the lower edge portion of the slant 
tray to which it is attached. 



Claim 3, Claim 1 wherein said slant tray has a 
vertical height of IS to ISO cm and said vertical section 
of said downcomer has a height equal to so to 110 % of said 
vertical height of said slant tray. 



claim 4. claim l wherein said slant tray slants at 15 
to 75 # from vertical. 

Claim s. Claim 1 wherein said slant tray slants at 30 
to 60* from vertical. 

Claim 6. Claim 1. wherein said downcomer inlet is 
flush with said slant tray. 



Claim 7. Claim 1 wherein said slant tray has an angle 
X measured from a vertical axis of 40 to 65 \ and said 
inlet of said downcomer has an angle Y measured from a • 
vertical axis of 42,5 to 150 and at least 2.5« greater 
than said angle X, said downcomer inlet has a higher 
portion and a lower portion, and said higher portion is 
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flush with an upper surface of said slant tray and said 
lower portion extends above said slant tray. 

claim 8- Claim l wherein said downcoiuer outlet is at 
an elevation from 15 to ISO cm above said lower edge or lip 
of said slant tray. 

Claim 9. Claim 1 wherein said downcomer outlet is at 
an elevation from 2.5 to 10 cm above said lower edge or lip 
of said slant tray* 

Claim lo, A fluidized catalytic cracking process 
wherein a heavy hydrocarbon feed comprising hydrocarbons is 
catalytically cracked to lighter products by contact with a 
circulating fluidizable catalytic cracking catalyst 
inventory consisting of particles having a size ranging 
from 20 to 100 microns in the apparatus of claim i. 
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